ABSTRACT
INTRODUCTION
Friction materials are used in clutch and brake devices of many automobiles, railways, civilian/military aircrafts, earth movers, presses, and various types of load lifting devices etc. To control the speed, resin bonded friction materials are used in commercial cars and light duty automobiles. However, resin bonded materials do not suit in heavy duty brakes because of higher temperatures. Sintered metallic friction materials are more popularly used where energy to be evolved during engagements is high. The sintered friction material consists of a metal matrix (basically either Fe-based or Cu-based), non-metallic constituents such as carbides and ceramics, and solid lubricants. The metallic constituents give strength and whereas the nonmetallic, ceramics are responsible for rise in coefficient of friction (COF) and better braking performance [1, 2] .
Iron based sintered friction materials are best suited for brake applications where temperature during braking may even go up to 1100 o C while the copper based sintered friction materials with stand only up to 600 o C. Further, the iron based sintered friction materials are less costly as compared to the later one. Therefore, iron based friction materials are used in heavy duty brake applications such as in commercial/fighter aircrafts [3, 4] .
In the present study, brake pads have been produced by an alternative P/M technique, i.e. Hot Powder Preform Forging, with built in powder based backing plate rather than conventional compacting and sintering route [5] .
EXPERIMENTAL PROCEDURE
Brake pads made in the present investigation consist of two major parts namely friction layer and backing plate which are formed simultaneously, such that these two layers do not separate out during operation. Joining of these two layers by sintering is usually difficult because of widely varying chemistry and processing involved. So the present investigation relies on manufacturing of these two parts simultaneously employing different chemistry of powders but having similar constituents. This results in better joint quality between them. Table 1 provides details of  chemistry of backing plate whereas Table 2 provides chemistry of friction layers. Three compositions along with the backing plate namely, FM01, FM02 and FM03 were prepared, and sequence of manufacture is as described below:-
Powder Processing
(a) For backing plate: Powder mixture for backing plate as per Table1, is subjected to mechanical alloying in the Attritor Mill with a ball to charge ratio in the range of 10:1 and duration of Mechanical alloying is 2hours and rotational speed of mill is 200 rpm. Powder mixture for friction layer as per the chemistry given in Table 2 
Powder Compacting
Powder compaction takes place in a suitably designed die in accordance with the given shape of disc brake pad for example, suitable for MIG27 aircraft. Requisite quantity of backing plate powder mixture is first filled to a uniform height. Thereafter, friction layer powder mixture in requisite quantity is filled in the die. The filling of these layers of powder is done on fixed weight basis as per the design say Fig.1 (a) , and densities of respective layers. Both the layers of powder mixture are simultaneously pressed in a Screw forging press with the help of upper and lower punches at a pressure in the range of 150 to 450MPa. The compact so pressed is ejected out of the die. The die is suitably lubricated employing graphite /Zinc stearate in the suspension of methyl alcohol/ethyl alcohol/acetone prior to filling for easy ejection without cracking of green compact.
Preform Coating
The green compact so produced is coated with an indigenously developed ceramic coating to protect it from oxidation when subjected to heating. The coating is baked to remove moisture from it at a temp of 120 o C for 2 hrs in an oven [6] .
Heating
The coated green compacts are heated in a furnace. The operating temperature of the furnace ranges from 1050 o C for iron based brake pads, holding time 1 hr.
Hot powder Preform Forging
The hot powder preform are taken out from the furnace and quickly transferred into the hot die duly lubricated with graphite and fitted in the forging press. The forging is done at a speed of 500mm/s. The preform fully consolidates to its near theoretical density on forging. The forged component is later on ejected out of the die. 
Annealing
The forged pads are subjected to high temperature resistant ceramic glassy coating again and, then annealed at a temperature of 710 o C for 5 hours to adjust hardness of friction layer to < 100 BHN. On cooling the coating peels off by itself and residual coating if any is removed by minor surface finishing operations. As shown in Fig.1 
RESULTS AND DISCUSSIONS:

Characterization of Friction Materials/Pads
The brake pads so produced along with the built-in powder based backing plates are characterized for physical, and functional properties namely density, hardness etc. Also pin-ondisc wear test, sub-scale brake inertia dynamometer tests are carried out.
Determination of density and hardness
The basic method of determining the density of our samples is by measuring the ratio of mass and volume of the samples was used. Density depends upon extent of forging and annealing treatments thereafter. It also indirectly depends upon chemistry of friction materials. In this paper, the density of our sample was estimated by Archimedes principle as shown in Table 4 . [7] The Brinell hardness test method consists of indenting the test material with a 10 mm diameter hardened steel ball subjected to a load of 31.25 kg applied for10-15 s. 
Pin on disc test
The results of wear test are summarized in Table 5 . It shows that the samples FM01, FM02, have the higher wear resistance. Sample FM03 has higher coefficient of friction (COF) shown in Table5, which is suitable for heavy duty applications. The rise in temperature is also marginally low except the sample FM02. The noise level for the sample FM01 is less as compared to for the samples FM02, FM03 shown in Table 5 . 
Sub scale dynamometer test
The test input parameters for the various aircrafts applications are shown in Table 6 . The required test output parameter values are shown in Table 7 . The test results are shown in Fig.2 and Fig.3 for MIG 27 rotor application; the run down time are nearly in the specified ranges as that of output parameters (Table 7) . However wear (in grams) is slightly higher in pads FM01 and FM03 when the wear is expressed in terms of thickness all the pads are within the specified ranges as shown in Table 7 . These pads seem to be suitable for MIG27 aircraft rotor applications. The test results for MIG 27 rotor application are best suitable in terms of run down time; wear in thickness, coefficient of friction. Figure 2 .and Fig.3 Show the test performance of three compositions starting from FM01 to FM03 for heavy duty applications (high energy under reduced conditions). The shaded regions in these figures indicate maximum and minimum ranges of permissible test parameters as described in the above Table 7 . Experimental points in these figures have not been shown for the sake of clarity and the curve smoothening has been done. This has been done just to get a clearer picture of the performance. Shaded regions in these graphs wherever, shown, are corresponding to Table7. Which decides the suitability of application of brake pad developed in the present investigation? There is a general trend in these figures such that a property changes are more severe up to 8 numbers of cycles of the test. Thereafter, the property tends to stabilize. This is because of the initial engagement of stationery brake pads with moving inertia wheel during testing. It can be easily inferred from these figures that with the exception of FM03 (which has performed the worst), all the other combinations tested in the present investigation are suitable for heavy duty aircraft application. However, preference is in the following order: [8] FM02 > FM01 > FM03
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It may further be mentioned that the region for poor performance of FM03, is due to higher hardness and lower density combination.
It is noteworthy to mention, that MIG 27 Rotor application is very specialized high energy condition for which chemistry of sintered pads is very complex and costly. In comparison to this, chemistry developed in the present investigation is much simpler and offer wide variety of choices to suit this challenging application. 
Metallographic examinations
On the basis of metallographic examination as shown in Fig.4 , we have observed that the microstructures of friction layer Fig.4 (a) as well as backing plate are finer and more homogeneous. Backing plate in FM-02 sample which is shown in Fig.4 (c) is a low carbon steel but with very fine ferrite grains, this is because of high speed forging employed during 704 Mohammad Asif, K. Chandra and P.S. Misra Vol.10, No.8 processing providing fast cooled fine grained structure which in turn yields high strength backing plate without resorting to higher carbon steel. The distribution of other constituents in forged samples is also uniform. The microstructure of hot powder preform forged FM-02 sample at the interface as shown in Fig.4(b) indicate strong bonding between backing plate and friction element because of enhanced diffusion of carbon from friction element side to backing plate side and absence of any layered structure at the interface [8] .
Figure5., shows the distribution of different elements in sample FM02. It is clear from these pictures that the constituents present in the sample are uniformly distributed. There appears to be no segregation of constituents in the structure. Accordingly, the performance of these samples in actual service conditions is expected to be more consistent in comparison to sintered samples. 
